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* a copolymer of ethylene polymerized with at uZ IZ ^^Z^l, IZV"* and annea,ed • 1he mm 

alpha-olef ins and C3 to C 20 polyenes ubia a ^Z£™£T T*? fr ° m the 9roup consis « n 9 of C3 to C*, 
of 0.855 g/cm3 to leS s ^OM^^iS^^^ ^"T *" has a *"£ rangl 

Breadth Index (CDBI) at least 45 pefcent sL a mo£a? we f 0 SK °/ *° With a ^P^on Distribution 
of the film is to a draw ratio in the rang ^oTz^lT^r^JT^lT * 1 5 10 30 - Nation 

erty profiles. Significant variation in the properh pSr£^ 

annealing adopted during the fabrication aCh,SVed by "n*** the amount of orientation and 

Preferably, the copolymer has preferred density range from 0.88 to 0.900 g/cml 
15 PR1EF PESCRIPTION OF t^p n^ n?l ^ 

Fia. 5 is a graph of the soluKBydStSSn^S^^S? ^ ** •*» L »• « wd 7. 
b,% cHrhifa. composnon distribution SZS^^^J 0 " '",* aV ° ¥ °" <*> "»*« a "™» «*► 
Mx*on composition cWnbuta, and con^«SS^ a * W a froad soM* «s- 

^s^rr" b,,, " en ""**" « «<»■» -« « ». 

FIG. 7 is a graph illustrating (ha method for calculating CD81. 
PmironFSCBlMinMnpTH piMVEtninii ! 

approx.mately their initial dimensions and shape J?SiL^322 k * Whteh rapid, y retur " *> 

stress. In the present invention, elastic materials are e ^2S * eforma * on *» a wea >< stress and release of the 
length (2X) a, room temperature (18 ^S^^^^^* ?*" to «"*» tneir ° ri 9™' 

m.nute after the deforming force is released " 6 minUt6, retract t0 ,ess *an 1.5X within one 

subjected to a combination of orienting and anneaNra to iZ^lT 7 ^ ° nCe f0rmed ' the P^sorfilm is then 
to be further processed to improve its uWd pZ IS^K^^52 ST' 6 ' aStic ,i,m is 
by any suitable metnod Methods ^ p * according **"^tovm*t invention may be produced 

1983). Commonly known methods of producing Z whS fmav b mSS ^ K * m (2nd ed. 
(extrusion and solvent), calendering and extrusio^ meS? Z T inVent0n include castin 9 

The present invention is suitable for imorovino the S " M J5* 6xtrusi0n or slit die ^ion. 
commonly Known as rtobon. tape, film 23? £, ^S5ST^?*^^ tt ^^« 
sional. For example, tape is generally thought of asWna SS, ff 1 ^ terms is 9enera "y dim en- 
bon" -tape", -film" and "strip" are generally ^ !" tha present inven *> n - *e terms "rib- 

elastic articles and not dimensionally limited. B^JS^^S^T^^ SUitabte for to thin 

cursor film has been product, it must be furthe7proce^ ^ 

by a combination of orienting and annealing the pre^Srlim * ^ 01 me f 1018 is a «™P«shed 

inpro^^ nylon and pe^ene terephtha-ate to 

art. However, while it is not known toTert S wl^SSffi? ^tT * bantor pr0pertie8 is we " ^ «" the 

rum may be earned out monoax.ally in the machine direction or the transverse 
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oration or in both cf.rect.ons (biaxially) either simultaneously or sequentially using conventional equipment and proc- 
esses following cooling of the precursor film. Blown films are preferentially stretched in machin SJrl bSn 

c^ect.on.theprecursorf.lrr us passed around two rollers driven at differed surface speeianSS 

ttHftn is stretched between the dr^en rol.ers. Conventional "godet" stands as are we.l ^^S^SSSl 

Film orientation may also be carried out in a terrtering device with or without machine direction orientation to im™* 
transverse direction orientation in the film. The film gripped by the edges for pmoS^SSS?JS? 
10 For most f.nal appl.cat.ons, the precursor film is monoaxially oriented in the machine dirLon 9 

2?SS h«t 9 •* ' S 9e 7 ral y " eCeSSary that ,he film be to betw *en te softening point aXmelZ 
point. This heating is necessary to allow extension or orientation to be induced into the film T 

* w P . m t r rema ' n - 7,16 mo,ecu,e8 in the amorous matrix become oriented or extended 
depending on the draw ratio and other material and fabrication parameters extended 

esJS^ 

mSS*^ ^^"^^"^""ea'ing processes are shown in FIQs. 1 and 2 discussed below A commercial 
notable or.entat.on line .ncludes the Killion ribbon yarn line (model serial number 3874) commercally 

. 5 ^ 1 a , schematic 01 a slit f am extrusion process. The elastic pellets are fed into hopper 1 0 of extruder 1 2 
In extruder 12 the etasbe pellets are heated to above their melting point and extruded through ^5 mo^flm 3 R m 3 

thiZS? 5. Or.entat.on and anneal.ng takes place utilizing first godet stand 25, second godet stand 28 

£ r ^ """r M ^ annea "' n9 2a Tape 5 is s ^equently wound into JSXSSL 

19 .n G ^ a schema . tic 01 3 Wo*" extrusion process. The elastic pellets are fed into hopper 10 of extruder 

haoedlm^R,^ 6 T ^ ^ ^ * ^ ** ^ «« ««Jf5. 15 JS£ 

152 subsequently a.r cooled in blown-film tower 18. Slitter 22 is an optional station that slits fikr 1 3 

IptlSfng uS S* *"* ° nent ' n9 ° W 26 ^ annea,inS ™" 29 - Tape 5 is -und into 

theS^ 

^'ff^^Preferab^ at least 4:1 and most preferably at le« 6:1. The upper Bmlt on ft. dh^ rate haeSXlS 
by the property of the elastic material utilized and the desired end properties of the dra^mtewT^w 
« not exceed 20:1. preferably the draw ratio « not exceed 10:1 and most prenyls ZZo^ Z 

generator ** *" *" ° rientati ° n ^ be ^ the annealin 9 ste °' ™« «""» that V 3 is 

the S^SS^ ° f Uti ' iZed W " d6pend upon «"«*• "* *• properties desired in 

«. TTL C ! 0P ? ,y ^ er m ** in the prese , rrt invention refers t0 a clas s of ethylene based polymers havina a densitv of i ess 

SHU? 00 ^ (d .° Wn 10 0855 9/071 ^ 81 3 m ° ,eCUlar M w B«i than WOO^^^Sw^ 
densrty ranges of elastomers above, the preferred ethylene based polymers are ^astLe^ P^ZZ ^mr 

£S£ T**™ h3Ve 30 ethy ' ene Crysta,,ini * between Pasties linear low 

pol Wenes) and ethylene/aJpha-olefin elastomers and generaNy have a densty of less 

The copolymer utilized in the present invention is selected from the group of polymers consistina of ethvlen* rv,.™ 
yenS ^^S^T' ^ ^ *» W ""^ 0< ^ * (C5h^^i^(£5: 

.onomerssel^intheplastomerutnizedintheprnS^^^ 
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use of the resultant fabricated material. The polyene utilized in the present invention generally has in the ranoe of 3 to 

f IT*" TT' ^f^' *! h3S in ,he ran96 * 4 10 15 «*» atoms - PoVeneTs SrSya dene 

^f- 9 ^^!!!? 8 ^ *° rBnB ° 01 3 10 20 ^rt 10 " Preferably, the dlene utBb»d in Ihe^eBem in^onfe a MOM 
ZZTT ° r CyC, '! J h > drocarbon diene P refe ^'y from 4 to 20 carbon aoZ ^e prS 

™ ^5°" ^ ^ m ° St Pref6rably 108 ranfle of 6 to 15 a, oms. Most preferably, the d eneTa 
ZS 9 1 fJLT E T Pl ? * SUteble Chain acydic dienes such ^: 1 .3-buted ene 14^ 

JSE^ItJE?" "1 aCYC,iC di6neS SUCh aS: 5 - m ^-M-hexadiene. a^^imethyM.e^tadSfe 

i ^ ^ ' SOmerS 01 dihydr ° myrcene and dihydroocimene; single ring alicyclic dienes 

die fused and bndged rina dienes such flS: tetrahydroindene tetrahydroindene. dicy^pelTen bi<S- 

£" } ^fnf ^ ene; a,tenyl " a ' kylidene - <**»»«¥' and cycloaMdene norbornenes such aTJmeSn^ SS- 
bornene (MNB), 5-r*openyl-2-norbornene. 5-isopropylidene-2-norbornene. 5-^ctop e ^ ^^ n J e 5 
cyc.ohexyhdene-2-norbornene, S-vinyl-2-norbornene and norbomene. P^^JLS^i^^^SS^ 
5-e hy.rdene-2-norbornene. 5^nyllidene-2-norbornene. 5-methylene-2-nomornene and dicyclopentadiene £e e^ 
cially preferred dienes are 5-ethylidene-2-norbornene and 1 .4-hexadiene. opemaaiene. i ne espe 

Generally the alpha-olef ins suitable for use in the present invention contain in the range of 3 to 20 carbon atoms 

olefins are propylene, 1-butene, 1-pentene, 1-hexene. 1-octene and 1-dodecene 

Preferably, the copolymers utilized in the material of the present invention are either ethylene/atoha-olefin cooolv 
mers or et^lene/alpha-olefin/diene terpolymers. Illustrative non-iimiting examp.es of JSffS^i^ftS 
suchasethy eneAxitene-1. ethylene/hexene-1 . ethylene/octene-1, and BWeZropylentcoi^r^^Z 
pies ofterpolymers .nclude ethylene/propy1ehe/1.4-hexadiene and ethylenetoutene-1/1 4-hexadiene 
^ * ^mere suitable in the present invention with desired monomer levels canbe prepared by polymerization 

Pr.f?!, 00 ^'^!? uWlwd the present invention for examDle 03,1 have an ethylene crystallinity less that 35 percent 
Preferably, the ethylene crystallinity is less than 20 percent. r » "«y mai ao percent. 

The copolymers utilized in the present invention have a density in the range of 0.855 g/cm 3 to less than 0 900 

2££ 22* elastom r have a density of 0860 to 089 «« ™" pSTo.SsTcSo o^ 

b^^ST^S k 6aSUr ( n Stendard aCCepted procedures ' «■«* that *V were additional* oondHkmd 
by holding them for 48 hours at ambient temperature (23« C). prior to density measurement 

inm 5 f^fl 1,16 1 copo| y meRJ """^ in »» present invention is such that the copolymer can be extruded 
into the desired end product In addition, the Ml must be such that the copolymer will tm^JLS^aSS£m 
desired. General^ the melt index is in the range of 0.2 dg/min to 1000 dg/min, preferably the Ml is n^rrore tnan 1 00 
SSn Pr Sf** r i S J" * 01 0 5 d9/min t0 50 d9/min ' and most P^ ,erab| y in * e range 0,7^ ^ 

h^hn^^r ""'IS? i0 l h ! PreS6nt inven1i0n nave a molecu,ar wei 9 M distribution such that the polymer will 
have the desired drawabilrty and be processable into the desired end product. The ratio of NUM. is general Z 
range of 1 .5 to 30. preferably 1 .8 to 10. more preferably 2.0 to 4 " 9enemy m me 

The composition distribution breadth index (CDBI) of the copolymers utilized in the present invention is generally 
45 percent or higher Preferably, the CDBI is 60 percent or higher, and more preferably, 70 percent SjSi * 

^T.^^z^S? percert of * e copdymer 0,016011,68 having a ~ er «S5"5iS 

^S^^"^ SSf comonomer 11,6 CDBI d linear po,yethy,ene - does not 
b^S2T?J£ w p,astomers u " nad in tWs imen6on (narrow ^p 08 * 0 " «*LBontS2S 

S« L ? ^ ° r n ' She,) fr0m predu * traditionally utilized in prior art (broad composition distribution as 

w ^7"^ techmques known in the art, such as temperature rising elution fractionation as 
SS^rrl?.^ Patent5,008.204. or in Wild et al.. J. Polymer Sri Pnlv Phy c L volume^ pjTw 
(1962). Solubilrty MUn is measured using a column of length 164 cm and 1*m^*mJ?*p££t£ 

iSTSl V ' 90r0U «? y tem P erature Stents within the bath, and the balh temperature is measuTed 

using a platinum resistance thermometer. About 1.6 g of polymer is placed in a sample proration chancer IS 
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to 



15 



20 



ahoptaM) pressure a 1^B*EvJ3^^TfV hOT * ' S ^ an " heale< ' un<le ' 3M »» P 

- r «™-s»an^r;^ 

beam by pumping pure solvent Seated iSTS^ ^5^? fcr 25 ™ n - a °° c - ™a elunon sage is then 

for 25 min. This flushes polymer that has not mSZ^S^l ^ 1,16 C0,umn at °° C at 27 ml/min - 

ofuncrystalli^ 

Perature is then programmed up^ 
fracttonofpc^ 

The procedure for calculating the Solubility Distribution Breadth lnd« r<5DRn « k , 

Solubility distributions of two ethylene interpolyme^ are shCin R? 5 h! w . T J*"* 

a^=7d£^^ 



25 



120 



' 120 



T ave = J T w(T)dT. where j tv(T)dT = 1. 



30 SDBI is calculated using the relation: 

SDBirC) = [J(T-T ave ) 4 tv(T)d-n 
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35 



values ot SDBI are less than 23-0 and more preferred less^S?.!!. ■ : 'aspectivelv. In. preferred 

^^^^ 

be corrected based on the M n of OlSS^^!^^^^^ We ' 9ht fractions fliven in 6 "»V 
ton temperature that M n HoTeM^ "TT" ^ M " and e,u " 

present to a negligible extent and that any enorsS 

applicable to any essentially random poly(ethylen* wSj^rSL correlat 10 n curve such as the one in FIQ. 6 is 
The temperature scaJof a solub^d^^^^^ is « P-P^ne. 

= range. Thu, sample X has a narrow 5^£K?SS! ££= 

b ethl~^^ 
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ESSTST y £ L ° UrVe a " d thS normal,zed cumulative integral of the composition distribution curve, as illus- 
2d n « ?h 6 n f 8n T fa ' C ™<" corres P° nds to *• composition at the point where the cumulate 
'^f 0 ^ ^"^^ T ^ S d '« ere "^ between the values of the cumulativo integral at c^inpositeons 0.5 C me<1 and 1 5 
(71 - 29 or 42%. ,n th.s example) is the CDBI of the copolymer. CDBI values fall betweW 2er o and one w^th large v^N 
ues indicating narrow CD and low values indicating broad CD. Thus, now referring back to Rgure tCnarS a^J 
broad CD copolymers have CDBPs equal to 95.5% and 42%. respectively. It is difficult to measureTheCD arri CDbTS 

Unless otherwise indicated, terms such as "comonomer content", "average comonomer content" and the like refer 
to the bulk oon^nome r content of the indicated interpolymer blend, blend component or fraction on a nSar basTs 

The benefrts to thediscovery of the subject invertion that accrue from the s^ 
to above (vis-a-vis molecular weight dilution, composition distribution, molecular weight conS toe and 
amount)are elucrtated as follows. The narrow mo.ecu.ar weight distribution provides hfgSltrZgth a* gcS d™ 
down. The narrow composition distribution (high CDBI value) -provides low tackiness and a J meE ?S2 

L U l m S ran r * r ^***»B««' forrretion^^ 
ration level in plastomers affords low specific gravity for high end product yields (ag.. yards* of pol^eTS 

2? TJ 8 ,^ 6 T ,S - 6thylene Crysta " inity ( around 20% ) "N* ^e to onerXS and mhta 
Seated etoc artdes. Control of the molecular weight allows corttol of orier^ ^ 

are hydrocarbon-based and so chemically quite inert. y copolymers 

h^Ulo 0 ^^ 8 "1! P T rt i " Vent '° n may be produced bv m «"od that will yield a polymer 

having the required properties, that when fabricated into an elastic article by the method of the present inventton w« 

u S,dUal S6t and ^ nl0ad power properties - il,U6frative non-limiting exanple of a p^oZT^l 

2£? 09 I" C °?° lymer UMM in the **** invention a *« of Tghly aX oTefi^teS 

£2! e !^f r 88 ? "a*?" metal Miocenes, which are well known especially in the Potion tf prt32 

TSrT^t^^ ^ 8re 8 nUmber ° f Structural variables which affe <* *• Sftna* pmpX *e 

222?> 1 f tr ' bUt,0n * comonomer o^" 1 ^lymer molecules. This feature relates diredlyWy" 
ISSSSS!? T ™ ^ ^ t ° U9hneSS and m8ny ° ther important U8e characteristics. Molecular wefchX- 
trbution playsa .gnrf. cant role .n melt processabilrry as well as the level arri balanced physical properties a^ 
222 ' S * e 7'«ular weight (MW) of the polymer, which determines the JmomJ^SESZ 

con ^ e JT^ S Util !f PreSe ? 1 inVerti ° n be made by "V suitab,e P rocess whi <* for the proper 
control of the above mentioned structural features (MW, MWD. CD. comonomer type and amount) to yield the desired 

*" deSired 6laStiCS Pr0pertes - 0ne method is *rough the use of a Sf WgNy artteS 

catalysts known as transition metal metallocenes. y 

fT* ^ esDeciall y in Preparation of polyethylene and ccpolyethylene-alpha-olefins These 
JT y , ^^oased on group IV transition metals, zirconium, titanium and hafnium, show extremely hS 
22£?* "2"" enZa Ir Th l meta,locene a « also highly flexible in that, by manipulation of catalyst 

SiT? ^ i U r app,,catl0ns 8uch as lube additives) to about 1 million or higher, as for example in uTtra 
high molecular weight Itnear polyethylene. At the same time, the molecular weight distribution of poSSmS 
2* ^ M > ™~ < aS in a Po'vdispersity. M^ n . of about 2). to broad (as in a poTydiSy ot 8 or 

"Metallocene" catalysts for the purposes of this application are herein defined to contain one or more cvclooenta- 
Si, - tT P'-^^^^ntadieny^ catalys t systems using a metallocene cornel™ n 2*2 
wrth an alumoxane or reaction product thereof are suitable for preparing the polymer utilized in thehwentionTe ma- 
allocene catalyst for example may be represented by the general formula (S MR FT wtmh a C ta£ V^ti 
or unsubstituted cyclopentadienyl ring; M is a Group IV.V, VI transition meU^R a^R^we^^^perde^tJy setectefha^ 
ogen. hydrocarbyl group, or hydrocarboxyl groups having 1-20 carton atoms; m = 1-3. n = 0-3 ! ^Van7to Sm of 
m + n + p equals the oxidation state of M. Various forms of the catalyst system of the metallocene type may be usi 
for polymenzation to prepare the polymer components of the present invention including those of mSoZenouJS 

^nLT U ^ SUPP0,1ed tYPe ^ em ,he ^ ^""^e cocatalyst are toge^portS o 

reacted together onto an .nert support for pdymerization by gas-phase, high pressure, slurry, o/solution poCza 

"f, 8 u meta,locene for Polymerization of ethylene is described in US-A-4 £?z£ 

129368 Published July26. 1989. US-A-4.808.561. US-A-4,814.310. and U8^7^*^I^SS£S 
ethylene/alpha-olefm copolymers, and ethylenefefcha-olef inVdiene terpolymers are taught 3 ^ S 

^!l rnay ^ PrePar6d "* fW • an «* in *• form o* a ferrous suHate. o3£ be 

used wrth metallocenes. such as trialkylaluminum compounds; or ionizing ionic activator or compoSsScf as S (n 
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butyl) ammonium tetra(pentaflurophenyO boron, which ionize the neutral metallocene compound. Such ionizing com- 
pounds may contain an active proton, or some other cation associated with (but not coordinated or only loosely coordi- 
nated to) the remaining ion of the ionizing ionic compound. Such compounds are described in EP-A-0 277 003 and EP- 
A-0 277 004 both published August 3, 1988. Further, the metallocene catalyst component can be monocyclopentadi- 
enyl heteroatom containing compound, which is activated, for example, by either an alumoxane or an ionic activator to 
form an active polymerization catalyst system to produce polymers useful in this present invention as is shown for 
example by WO92/00333 published January 9, 1992, US-A-5,055.438, EP-A-0 420 436 and WO91/04257 The cata- 
lyst systems described above may be optionally prepolymerized or used in conjunction with an additive component to 
enhance catalytic productivity. Utilizing a metallocene catalyst, the polymers of the present invention can be produced 
in accordance with any suitable polymerization process, including a slurry polymerization, gas phase polymerization 
and high pressure polymerization process. 

Utilizing a transition metal metallocene catalyst, the copolymers useful in the present invention can be produced in 
accordance with any suitable polymerization process, including a slurry polymerization, gas phase polymerization and 
high pressure polymerization process. 

The copolymer of the present invention may be fabricated into any form that is suitable for the use to which it will 
serve. 



REFERENTIAL EXAMPLES 



In order to provide a better understanding of the present invention including representative advantages thereof the 
following referential examples are offered as related to actual tests performed in the practice of this invention and illus- 
trate the surprising and unexpected elastic properties of this present invention and are not intended as a limitation on 
the scope of the invention. 

EXAMPLE 1 



P reparation of Ethylene/alpha-olefin Plastomer (2.8MI, 0.88D, hexene-1 comonomer) 
PROCESS SUMMARY 



RXN 


Comon. 


C2 


Avg. 


Tot. 


Wet 


Tot. 


Tot. 


Cat. 


TEMP. 




Press. 


C 2 


Ca 


Prod. 


Cat. 


Cocat* 


Eff. 


Target/ 




Target/ 


Rxn 




wt 








Actual 


c 6 


Actual 


Rate 












°F 


(Lb) 


psi 


(Lb/min) 


Lb 


Lb 


mg 


Lb 


Lb/Lb Cat 


131/135.513 


201 


60/6Q±2 


0.15 


60 


150 


35.4 


7 


19.45 


°C 


Kg 


Bar 


(Kg/min) 


Kg 


Kg 


mg 


Kg 


Kg/Kg 


55/57.2±1.7 


91 


4.13 


0.068 


27.18 


67.9 


35.4 


3.17 


19.45 



* 10wt% solution in toluene 



The catalyst system for polymerizing this ethylene copolymer comprised bis(n-butylcyclopentadienyl)zirconium 
dichloride as catalyst and a 10wt% methylalumoxane in toluene solution as cocatalyst. 

The polymerization was conducted in a batch mode using a diluent phase polymerization process. A 227 liter (150 
gallons) pilot plant reactor was used to carry out the polymerization. Prior to charging the reactants the reactor vessel 
was rinsed with triethyl aluminum and purged with nitrogen. Isopentane diluent was then fed to the reactor via a mol- 
sieve bed to remove moisture. Next the required weights of hexene-1 comonomer and cocatalyst solution (10 wt% MAO 
in toluene) were charged. The reactor contents were heated to reaction temperature. At thermal equilibrium ethylene 
was slowly fed to the reactor until the pressure set point was reached. 

Reaction was initiated by controlled addition of catalyst (3 x 10 mg charges). This was followed by addition as 
needed, to build and sustain a controllable reaction. Reaction rate was monitored by noting reactor temperature and 
heat removal rates from the water heat exchanger. The reaction was killed after 27.18 kg(60lbs) of ethylene had been 
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fed to the reactor. Product recovery began by slowly venting the reactor to 0.34 bar (5 psi.), followed by adding water 
and, with a nitrogen purge to flare, heating the mixture to 73.9°C(1 65°F) to flash remove the isopentane and unreacted 
comonomer. The product was recovered from the reactor, compounded with lrganox®-1076 stabilizer and melt 
extruded to screen out contaminants and pelletize the material. 
5 The product was analyzed to have a Melt Index of 2.8, density of 0.88 g/cm 3 and a Melt Index Ratio (I21 .6^2.16) of 
23. It will be recognized by persons skilled in the art that products with different Melt Indices and Densities to the above 
product can be obtained by adjusting the process conditions. Additionally, the composition of the product can be 
altered, depending on the choice of alpha-olef in comonomer. 

10 EXAMPLE 2 

Table 1 shows the description of the samples utilized in this example. Numbers 1 and 2 are the same piastomer 
sample made according to example 1 above. Number 1 was fabricated to a draw ratio of 5:1 according to the method 
of the present invention, whereas Number 2 was produced in a traditional cast film operation and was not subject to the 
is combination of orientation and annealing as was Number 1. Numbers 3, 4 and 6 have appreciable levels of ethylene 
crystallinity and do not show good elastic response and extensibility by the fabrication of this method. Numbers 5, 6 and 
7 are commercially available materials. Number 5 was obtained in 0.05 mm (2 mil) strip form, whereas Number 7 was 
obtained in 0.05 mm (2 mil) film form. 

Elastic sample No. 1 and non-elastic sample Nos. 3, 4 and 6 were fabricated into oriented tapes or ribbons, using 
20 a Killion ribbon yarn line (Model Serial No. 3874). This apparatus can be represented by the schematic of FIG. 1 except 
that a slitter was not utilized. 

Table 2 provides a dimensional characterization of the fabricated strip samples used in the evaluation. 

The hysteresis testing procedure used is shown in FIG. 3. The method is based on a procedure described by 
DuPont in its brochure on its polyether urethane elastic product. T-722A. The testing was conducted on an Instron 
25 Model No. 1122. 30.48 cm (12 in) lengths of the sample film strip to be tested were held by the Instron jaws and 
extended 100% using a cross-head speed of 500 mm/min. Following the extension, the cross head was retracted, also 
at 500 mm/min, back to the original position. This cycling was conducted six times. The force versus extension curves 
were plotted (chart speed also 500 mm/min) as is shown in FIG. 3. Key pieces of information that are extracted from 
these plots are maximum force reached at the end of each extension (lb force), residual set at the end of five cycles 
30 (cm, %) and the unload powers measured during the fifth cycle retraction at various elongations (lb force). Generally 
five lengths were tested for each sample, with mean values over these samples developed. 

FIG. 4 plots the unload power at various extensions up to 1 00 percent for elastic sample Nos. 1,2,5 and 7. Sample 
Nos. 3, 4 and 6 were too crystalline (non-elastic) and did not have sufficient extensibility to survive the repeated cycling 
to 100 percent. As seen in FIG. 4, the unload power is very dependent on the particular fabrication approach. The same 
35 polymer (piastomer of Example 1) can be made to show different unload power values, depending on fabrication tech- 
nique. The fabrication process of this invention which includes the combination of orientation and annealing, provided 
a much higher value of unload power than was obtained using a traditional extrusion casting fabrication technique. 

Table 4 shows a summary of the hysteresis testing on cycling to 100% extension. The set after 5 cycles appears 
comparable for the 4 samples, ranging from 15 to 20 percent, per the testing procedure followed. The high unload 
40 power and the favorable low set value provided by sample No. 1 (piastomer ribbon), demonstrate the utility of the fabri- 
cation process of this invention to provide suitable elastic end products. 

Table 3 shows shrinkage measurements at elevated temperatures (i.e. shrinkage of original lengths) on the 4 sam- 
ples that survived cycling to 100 percent extension. The fabrication process of this invention provides high shrinkage at 
lower temperatures, which is an advantage in certain elastic applications (compare values for piastomer ribbon versus 
45 piastomer cast film strip). 

Table 5 quantifies the force at break values and the ultimate elongation values during tensile testing of the tape/film 
on an Instron Model 1 122 with cross head speed of 500 mm/min. 
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TABLE 1 



DESCRIPTION OF SAMPLES 


NUMBER 


RESIN DESCRIPTION 


TAPE/STRIP FABRICATING DETAILS 


1. 


Plastomer (2.8Ml,0.oou,Z3 mi Ratio, oz/Uo) 


Oriented tape (5:1 draw ratio) produced on 19 
mm (3/4 inch) Killion ribbon yarn line 


2. 


Plastomer (2.8MI,0.88D,23 Ml Ratio ;C2/C6) 


Cast film; Rim cut into strips about 0.6 cm wide 
for testing 


3. 


VLDPE (1.4MI.0.90D.60 MIRatio;C2/C6) 


Oriented tape (5:1 draw ratio) produced on 19 
mm (3/4 inch) Killion ribbon yarn line 


4. 


LLDPE (0.7MI.0.922D.35 MIRatio;C2/C6) 


Oriented tape (5:1 draw ratio) produced on 19 
mm (3/4 inch) Killion ribbon yarn line 


5. 


T-722A polyether copolymer 


50 urn (2 mil) elastic strip (DuPont Elastic Prod- 
ucts Group, Wilmington, Deleware) 


6. 


VLDPE X-142 (0.9MI,0.90D,27 MIRatio;C2/C6) 


Oriented tape (5:1 draw ratio) produced on 19 
mm (3/4 inch) Killion ribbon yarn line (Polymer 
from Mitsubishi Petrochemical Co., Japan 


7. 


Exxtraflex120 


Exxtraflex 120 film (Exxon Rim Products, Lake 
Zurich, Illinois) 



TABLE 2 



SAMPLES CHARACTERIZATION 


SAMPLE ID 


dtex (DENIER (G/9000M)) 
MEAN VALUE * 


STRIP WIDTH 


STRIP THICKNESS 


1 . Plastomer ribbon 


3354 (3723) 


0.4 cm (.1575 in) 


0.114 mm (4.49 mil) 


2. Plastomer cast film strip 


2234 (2480) 


0.6 cm (.2362 in) 


0.05 mm (1.97 mil) 


3. VLDPE ribbon 


3108 (3450) 


0.4 cm (.1575 in) 


0.109 mm (4.29 mil) 


4. LLDPE ribbon 


2744 (3046) 


0.4 cm (.1575 in) 


0.087 mm (3.43 mil) 


5. DuPont Polyether copoly film strip 


3305.(3668) 


0.7 cm (.2756 in) 


0.0521 mm (2.05 mil) 


6. Mitsubishi VLDPE X-142 Ribbon 


2416 (2682) 


0.3 cm (.1181 in) 


0.102 mm (4.02 mil) 


7. Exxtraflex 120 Film Strip 


2416 (2682) 


0.6 cm (.2362 in) 


0.051 mm (2.01 mil) 



* value used in calculations in this study. 
1 den = 1.11 dtex 
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: TABLES 

ULTIMA! E TENSILE S I HhNGTH* a cir.^ 

TESTSHKIiml-m I r-^ — . 



1 1 - Pfastomer Ribbon 

|2.PlastomerCastRlmStrip 

1 3. VLDPE Ribbon 
J 4. LLDPE Ribbon 
J 5. T-722A (DuPont) 

6. V LDPEX-142 ( M/ t si b i sh iChem) 
[y.Exxtraflex-^OfExxon) 



(cm) I 



7.5 
7.5 
7.5 
7.5 
7.5 
7.4 
7.5 



5.71 (12.6) 
0.575(127) 
5 43 (12.0) 
5.71 (12.6) 
2-10(4.63) 
4.08 (9.0) 
did not break 



ELONGATION 
AT BREAK {%) 



mm/min. tf va(ues - from '"stron chart recordino 1 

coramg. instron cross-head speed 500 



230 
562 
112 
93 
755 
134 
>1000 



Claims 

e. a-vinyl-2-norbornene and nor- 
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cent to 93 mole percent ethylene (based on the total moles of monomer). 

1 1 . The elastic film of any one of the preceding claims wherein the copolymer oomprises in the range of 73 mole per- 
cent to 88 mole percent ethylene (based on the total moles of monomer). 

1 2. The elastic film of any one of the preceding claims wherein the copolymer has an ethylene crystallinity less than 20 
percent 

13. The elastic film of any one of the preceding claims wherein the elastic film is bonded or sealed to polyolefins. 

14. A product made with the elastic film of any one of the preceding claims. 
PatentansprOche 

1- Elastische Folie, die auf ein Reckverhaitnis im Bereich von 2:1 bis 20:1 orientiert worden ist. wobei die Folie ein 
Copolymer von Ethyl en umfaBt, das mit mindestens einem Comonomer ausgewahlt aus der Gruppe bestehend 
aus C3- bis C2o-a-Olefinen und C 3 - bis C 2 o-Polyenen urtter Verwendung eines Metallocenkatalysators polymeri- 
siert worden ist, wobei das Copolymer eine Dichte im Bereich von 0,855 g/cm 3 bis weniger als 0,900 g/cm 3 , einen 
Schmelzindex im Bereich von 0,2 bis 1000, einen Breitenindex der Zusammensetzungsverteilung von 45 % oder 
hOher und eine Molekulargewichtsverteilung im Bereich von 1 ,5 bis 30 hat. 

2. Elastische Folie nach Anspruch 1 , bei der das Copolymer eine Dichte von 0,88 bis weniger als 0,900 g/cm 3 hat. 

3. Elastische Folie nach einem der vorhergehenden AnsprQche, bei der das Copolymer einen Schmelzindex von nicht 
mehr als 100 hat 

4. Elastische Folie nach einem der vorhergehenden AnsprQche, bei der die elastische Folie durch Breitschlitzex- 
trusion hergestelft ist. 

5. Elastische Folie nach einem der vorhergehenden Anspruche, bei der die elastische Folie durch Blasfolienextrusion 
hergestellt ist 

6. Elastische Folie nach einem der vorhergehenden AnsprQche, bei der das a-Olef in ausgewahlt ist aus der Gruppe 
bestehend aus Propylen, 1-Buten, 1-Penten, 1-Hexen. 1-Octen und 1-Dodecen. 

7. Elastische Folie nach einem der vorhergehenden Anspruche, bei der das Copolymer eine Dichte im Bereich von 
0,860 g/cm 3 bis 0,890 g/cm 3 , einen Schmelzindex von 0,5 bis 50, eine Molekulargewichtsverteilung von 1,8 bis 10 
und einen Breitenindex der Zusammensetzungsverteilung von mindestens 60 % hat. 

8. Elastische Folie nach einem der vorhergehenden AnsprQche, bei der das Polyen ein Dien ausgewahlt aus der 
Gruppe bestehend aus geradkettigen Dienen, verzweigtkettigen Dienen und cyclischen Kohlenwasserstoffdienen 
ist. 

9. Elastische Folie nach einem der vorhergehenden AnsprQche, bei der das Dien ausgewahlt ist aus der Gruppe 
bestehend aus 1,3-Butadien, 1,4-Hexadien, 1 ,6-Octadien, 5-Methyl-1,4-hexadien, 3,7-Dimethyl-1,6-octadien, 3,7- 
Dimethyl-1,7-octadien, gemischten Isomeren von Dihydromyrcen und Dihydroocimen, 1,3-Cyclopentadien, 1,4- 
Cyclohexadien, 1,5-Cyclooctadien und 1 ,5-Cyclododecadien, Tetrahydroinden, Methyltetrahydroinden, Dicyclo- 
pentadien, Bicyclo[2.2.1]hepta-2,5-dien, 5-Methylen-2-norbornen (MNB), 5-Propenyl-2-norbornen, 5-lsopropyli- 
den-2-norbornen, 5-(4-Cyclopentenyl)-2-norbornen ( 5-Cyclohexyliden-2-norbornen, 5-Vinyl-2-norbornen und 
Norbornen. 

10. Elastische Folie nach einem der vorhergehenden AnsprQche, bei der das Copolymer Ethylen im Bereich von 65 
Mol.% bis 93 Mol.% umfaBt bezogen auf die gesamten Mol an Monomer. 

11. Elastische Folie nach einem der vorhergehenden AnsprQche, bei der das Copolymer Ethylen im Bereich von 73 
Mol.% bis 88 Mol.% umfaBt bezogen auf die gesamten Mol an Monomer. 

12. Elastische Folie nach einem der vorhergehenden Anspruche, bei der das Copolymer eine Ethylenkristallinitat von 
weniger als 20 % hat. 
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13. Elastische Folie nach einem der vorhergehenden Ansprtiche, bei der die elastische Folie an Polyolefine gebunden 
Oder gesiegelt ist. 

14. Produtt, das mit der elastischen Folie nach einem der vorhergehenden AnsprOche hergestelrt ist. 
Revendications 

1. Rlm elastiquequi a&eorientea un rapport d'etirage dans I'intervallede 2:1 a 20:1. ce film comprenarrt uncopo- 
lyrrjre d ethylene polymerise avec au moins un comonomere choisi parmi le groupe constitue des alpha-olefines 
en C3 a C^ 0 et des polyenes en C3 a C 20 en utilisant un metallocene comme catalyseur, ce copolymere ayant une 
masse volumjque dar* I'intervalle de 0,855 gW a moins de 0.900 gW, un indice d'ecoulement a 1'etet fondu 
dans I .ntervalle de 0.2 a 1000. un Indice d'Etendue de Distribution de Composition de 45 % ou davarrtage et une 
distribution des masses moleculaires dans llntervalle de 1.5 a 30. 

2 ' ™ Se '° n ' a revendication 1 - dans le q"el le copolymere a une masse volumique de 0,88 a moins de 

0,900 g/cm . 

3. Film elastique selon rune quelconque des revendications precedents, dans lequel le copolymere a un indice 
d ecoulement a letat fondu non superieur a 100. 

4. Film elastique selon Tune quelconque des revendications precedentes, qui est produit par extrusion a travers une 

Tiiiere plate. 

2et lS,iqUe Se ' 0n ' qUe,C ° nque d6S revendications Pr6c6dentes. qui est produit par extrusion-soufflage de 



6. 



8. 



Film elastique selon I'une quelconque des revendications precedents, dans lequel I'alpha-olef ine est choisie dans 
le groupe constitue du propylene, du 1-butene, du 1-pentene, du 1-hexene, du 1-octene et du 1-dodecene. 

Film elastique selon I'une quelconque des revendications precedentes. dans lequel le copolymere a une masse 
volume dans I We^ une J e 

t/touton des masses moleculaires de 1,8 a 10 et un Indice d'Etendue de Distribution de Composition d'au moins 

Fflm 6lastique selon I'une quelconque des revendications precedentes. dans lequel le polyene est un diene choisi 
dans le groupe constitue des dienes a chaTne lineaire. des dienes a chaTne ramifiee et des dienes hydrocarbones 

9. Film elastique selon I'une quelconque des revendications precedentes, dans lequel le diene est choisi dans le 
groupe constitue par le 1.3-butadiene. le 1 ,4-hexadiene. le 1.6-octadiene. le 5-methyl-l,4-hexadiene. le 3 7-dime- 
thyl-1.6«)cted.ene le 3.7-dimethyl-1,7-octadiene. des isomeres melanges du dihydro-myrcene et du dihydrooci- 
ri n uJ, e t^ ^T, f i6n6> 16 1 - 4 - c y clohexadi ^e, le 1,5-cyclooctadiene et le 1.5-cyclodod6cadiene le 
«rahydroindene, le methyrtetrahydroindene. le dicydopentadiene. le bicyclo-(2.2.1)-hepta-2 5-diene le 5-methy- 
l6ne-2-norbornene (MNB), le 5-propenyl-2-norbornene. le 5-isopropylidene-2-norbornene. le 5-(4-cyclopentenyr)- 
2-norbornene, le 5K;yclohexylidene-2-norbornene. le 5-vinyl-2-norbornene et le norbornene. 

10. Film elastique selon I'une quelconque des revendications precedentes, dans lequel le copolymere comprend dans 
I .ntervalle de 65 moles % a 93 moles %de I'ethylene (par rapport aux moles totales de monomere). 

11 . Film elastique selon I'une quelconque des revendications precedentes, dans lequel le copolymere comprend dans 
nntervalle de 73 moles % a 88 moles % d'ethylene (par rapport aux moles totales de monomere). 

nJr^Sr e t n / Une q *t^ qUe d6S rwendications Pr^entes. dans lequel le copolymere a une cristalli- 
nite de I ethylene inferieure a 20 %. 

13. Film elastique selon I'une quelconque des revendications precedentes. qui est lie ou scelle a des polyolefines. 

14. Produit fabrique avec le film elastique selon I'une quelconque des revendications precedentes. 
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